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Introduction
On October 3 rd 1990 eastern and western Germany were formally united. Despite what politicians claimed, unification was not a merger but a takeover and eastern Germany was forced to adapt overnight a completely new system. Matters were made worse by the decision to set the exchange rate for the East German mark on average at 1.81 to 1 against the West German D-mark. 1 Western
Germany was one of the richest, most highly industrialised and technologically advanced market economies in the world; eastern Germany was nearly bankrupt, and economically shattered after 45 years under centrally-planned socialism. This politically motivated exchange rate made East
German products much less competitive. At the same time, East Germany´s traditional export markets in the former Soviet bloc collapsed, while East German consumers rushed to western products. Despite these developments, West German politicians assured during the initial euphoria that eastern Germany would be transformed within a matter of years into a "flourishing landscape"
with a standard of living comparable to western Germany. Ten years and the gigantic net transfers (after the deduction of tax revenues collected from the East) of DM 1.2 trillion (about 5 percent of western Germany´s GDP) later, many are wondering what happened to the "flourishing landscapes". 2 After an initial spurt of rapid transformation following the rapid privatisation of the East German economy by the "Treuhandanstalt" catching-up appears to have stopped and there exists no "self-sustaining upswing". In 1991 eastern Germany´s GDP per head was a mere 31 percent of western Germany´s average (see Table 1 ). Closing that gap has been the stated aim of all German governments ever since, and progress has been swift: in 1998 per capita GDP was 56.1 percent of the western mean. No other eastern European country has made up so much ground in the first years of the transition period. Yet the gap has merely narrowed, not disappeared.
Additionally, progress has slowed down. Between 1991 and 1993 eastern Germany narrowed the gap with western Germany in per capita GDP by 16.4 percentage points. In the following three years is shaved off only another 9.1 points, but in the two years after that, to 1998, the gap even increased slightly. 3 At the same time, unemployment stuck at over 19 percent since 1997, is twice western levels. Of course, it is all a matter of the perspective. If one considers where eastern Germany has come from, rather where it is meant to be heading, a much brighter picture emerges.
By that yardstick, per capita GDP has almost doubled and thanks to massive western transfers the public infrastructure has been modernised. Finally, the last column in Table 1 indicates that eastern 1 Politically, this favorable conversion rate was probably justifiable, economically a severe problem. At the time of the fall of the Berlin wall, The East German mark had been exchanging at an official rate of nine to one, and at up to 20 to one on the black market [see Burda and Gerlach (1993) for further details]. 2 All Germans still have to pay an extra 5.5 percent of income tax towards a "solidarity surcharge" -a supposedly temporary levy introduced in 1991 to help for eastern Germany´s reconstruction. Parts of the transfers are redistributed under the tax revenue-equalisation system ("Länderfinanzausgleich") between Germany´s 16 states ("Länder") and the federal government.
Germany´s relative unit labour costs in manufacturing have declined substantially over the period 1991 -1998 because of productivity gains and labour shedding. Görzig, B. and G. Noack (1999) .
Against this background, the basic aim of this paper is to seek an answer how far East German total factor productivity has converged to West German levels since unification. We also want to get a better understanding of the divergent efficiency patterns across firms. The paper is related to several strands in the literature who have looked at the convergence between East and West Germany. First, the theoretical growth literature on convergence is extensive, and it is discussed for instance in Burda and Funke (1995) , Dornbusch and Wolf (1992) , Funke and Strulik (2000) and
Hughes Hallet and Ma (1993) . Second, Barrell and te Velde (2000) and Rothfels (1997) provide empirical evidence for the determinants of the catching-up of East Germany´s labour productivity at the macroeconomic level. Third, a closer antecedent to the analysis here is Bellmann and Brussig (1998) and Fritsch and Mallok (1994) . Using survey data from different sources, they provide microeconomic evidence on labour productivity in eastern German manufacturing.
4
The structure of the remainder of this paper is as follows: Section 2 quantifies the efficiency of firms in eastern Germany. Unlike research that relies on aggregate data, firm-level data are used which exploit variation within industries to identify the parameters of interest. 5 Section 3 provides concluding remarks and offers some implications for economic policy. 3 The rapid growth over 1991-1995 was largely the result of a boom in construction. When construction growth peaked and then turned negative, growth fell back. 4 One obvious disadvantage of labour productivity measures is that an increase in labour productivity can result from increases in the capital-output ratio without changes in the underlying technology and efficiency. 5 The obvious disadvantage of aggregate studies is that aggregate data belie the tremendous amount of dispersion across firms.
Estimates of Technical Efficiency

Specification
The stochastic frontier production function literature has made a significant contribution to the econometric modelling of production and the estimation of technical efficiency of firms. The stochastic frontier involves two random components, one associated with the presence of technical inefficiency and the other being a traditional random error term. 6 This paper considers the translog production functions to benchmark the performance of eastern German firms. This functional form is chosen because it is flexible and imposes few restrictions on the data. In addition, we define the stochastic frontier production function model for panel data, in which technical efficiencies of firms may vary over time. We consider the particular parametric model for the technical inefficiency effects originally suggested by Battese and Coelli (1995) . The model assumes that there are N firms over T time periods. The panel of data is allowed to be unbalanced. The stochastic frontier production function which is considered is defined by
where y it denotes value added for the i-th firm in the t-th time period, x it represents a (1×K) vector whose values are functions of inputs, β is a (K×1) vector of unknown parameters to be estimated, the v it´s are assumed to be independent and identically distributed random errors which have normal distribution with mean zero and unknown variance σ v ², and the u it´s are non-negative unobservable random variables associated with the technical inefficiency of production, such that, for the given level of technology and levels of inputs, the observed output falls short of its potential output. The v-errors account for measurement errors in inputs and outputs and the effects of misspecification in the production technology. The u-error is associated with technical inefficiency of production.
7 The u-errors are defined by
where z it is a (1×M) vector of explanatory variables associated with the technical inefficiency effects, δ is an (M×1) vector of unknown parameters to be estimated, and the w it´s are unobservable random variables which are assumed to be independently distributed, obtained by truncation of the 6 Excellent surveys of the literature on econometric estimation of frontier production functions and efficiency measurement are available in Coelli et al. (1998) and Kumbhakar and Lovell (2000) . 7 The stochastic nature of the model allows some observations to lie above the production function, which mekes the model less vulnerable to the influence of outliers than deterministic frontier models. normal distribution with mean zero and unknown variance σ², such that u it is non-negative (i.e. w it ≥ -z it δ). An important feature of equation (2) is that the technical inefficiency effects are modelled in terms of various explanatory variables. Given the specification in (1) and (2), technical efficiency is defined by
which indicates that the technical efficiency is no greater than one (one hundred percent). Given the specification in (2), the null hypothesis that the technical inefficiency effects are not random is expressed by H 0 : γ = 0 where γ = σ²/(σ v ² + σ²). Further, the null hypothesis that the technical inefficiency effects are not influenced by the level of the explanatory variables in (2) is expressed by H 0 : δ' = 0 where δ' denotes the vector δ, with the constant term, δ 0 , omitted, given that it is included in the expression z it δ. Finally, the null hypothesis that the second-order coefficients in the translog function are zero tests whether the Cobb-Douglas function applies. Tests of these alternative hypotheses are obtained using the generalised LR statistic.
Functional Forms and Variables
In this study, the most general functional form for the stochastic frontier is the value added translog function (4)
where the subscripts i and t represent the i-th firm and the t-th year of observation, respectively. y represents the log of value added, x 1 is the log of the number of employees, and x 2 is the log of the book value of fixed assets (stocks of machinery, buildings and land).
8 v it and u it are random variables as defined above. The Cobb-Douglas production function is a special case of the translog frontier in which the coefficients of the second-order terms are zero, i.e., β jk = 0, j ≤ k = 1,2. The model for the technical inefficiency effects in the stochastic frontier is defined by
where D 1 is a dummy variable for eastern Germany which has value one if the firm is located in eastern Germany, and zero otherwise. D i (i = 2, ..., n) are three-digit industry dummy variables. The industry dummies have been added to account for general effects caused by the sector-specific environment. We have restricted the analysis to three industries (mechanical engineering, chemicals, utilities) where a sufficient number of observations for the new Länder was available within Amadeus. The annual firm-level data cover the period from 1994 to 1998. 9 The sample covers a wide range of firms with regard to size, location and other characteristics. The dataset, however, is not equilibrated across regions, i.e. there is some bias in coverage. A basic summary of the values of the variables in our data set is listed in Table 2 . 
The Evidence
The dataset underlying the empirical work allows to provide information about average efficiency levels as well as the heterogeneity of efficiency across firm in eastern and western Germany. Is the 9 All data were taken from the Amadeus database (© Bureau van Dijk) of the top 200,000 European companies. The database offers standardised financial data (balance sheets and profit & loss account data). German companies are included when they comply with one of the three following citeria: (1) operating revenues equal to at least 10 million €; (2) total assets equal to at least 20 million €; (3) number of employees equal to at least 150. We have deleted firms that fail to meet a standard set of criteria for data economic landscape in eastern Germany highly skewed and divided into a few very efficient firms on the one hand and a large number of rather inefficient firms on the other hand? Furthermore, is the economic landscape in western Germany characterised by less variation of efficiency measures across firms? The stochastic frontier production model is estimated separately for each of the three industries. Maximum-likelihood estimates of the parameters of the translog stochastic frontier production function (4), given the specification for the technical inefficiency effects, defined by equation (5), are given in Table 3 . 10 Test statistics and measured levels of average industry-wide efficiency levels in eastern and western Germany are reported in Table 4 and 5, respectively. To economise on space, we will not display the entire regression output of each of the 27 sector dummies. The parameters of the 27 industry dummies variables (mechanical enginerring: (1) mechanical engineering, (2) agricultural machinery, (3) metal working machinery, (4) textile machinery, (5) machines for the food industry, (6) mining machinery, (7) mechnaical power transmission machinery, (8) equipment for the printing, paper and glass industry, (9) other machinery, (10) military equipment production; chemicals: (1) Basic industrial chemicals, (2) paints, varnishes and pronting ink, (3) chemical products for agricultural quality. We have also eliminated firms with many missing variables from the original database. Not all years are available for all firms. A firm list is provided upon request. 10 The parameters of the model defined by (4) and (5) are estimated simulataneously using the computer program FRONTIER 4.1 written by Coelli (1996) . The program can be downloaded from the Internet at www.une.edu.au/econometrics/cepa.htm. The efficiency levels of individual firms have been omitted for parsimony but are available upon request. purposes, (4) pharmaceutical products, (5) Soap preparations, (6) chemical products for household purposes, (7) fibre production, (8) glass production, (9) building products, (10) ceramics, (11) wood industry, (12) paper industry, (13) plastic industry; utilities: (1) nuclear fuel production, (2) production and distribution of electricity, (3) public gas supply, (4) water supply industry) are not individually reported. Tests of the joint significance of the industry dummies are presented in Table 5 . t-values are given in parentheses. All variables, except the dummy variables, are in logarithms, as specified in (4). Table. The test statistics are approximately χ² with degrees of freedom equal to the difference between the parameters involved in the null and alternative hypothesis. In the case γ=δ 0 =δ 1 =..δ n =0, the statistic is distributed according to a mixed χ² distribution. In this case, critical values are obtained from Table 1 in Kodde and Palm (1986) . Values which exceed the 5% critical value in the Table are significant.
The signs of most β-estimates in Table 3 are as expected and statistically significant. In all three sectors, the parameter γ is estimated close to 1.0, suggesting that the technical inefficiency effects are significant. Finally, the estimates of D 1 in the inefficiency model indicate that there exists a significant locational disadvantage of eastern Germany. Several LR-tests are presented in Table 4 .
The first test considers the frontier production function. Given the translog technology, the CobbDouglas model is strongly rejected in all three sectors. The remaining tests consider restrictions on the parameters in the inefficiency model. The industry dummy effects differ across sectors. The joint test of no industry effects is accepted for mechanical engineering, but rejected for chemicals and utilities. The magnitudes of these effects are, however, rather small. This implies that idiosyncratic firm-level factors essentially dominate within-industry heterogeneity. 11 The resulting mean efficiency scores are displayed in Table 5 below.
11 Haltiwanger (1997) has shown that in the US 4-digit industry-effects account for less than 10 percent of the cross-sectional variation in firm-level performance. Table 5 give a first impression but they say nothing about the heterogeneity across firms. The histograms in Figure 1 indicate that the amount of efficiency dispersion is extremely large -some firms are substantially less productive relative to best-practice firms within the same sector. 13 Furthermore, when comparing the heterogeneity across eastern and western German firms, it is apparent that the efficiency levels in western Germany are considerably more homogeneous than those in eastern Germany. 14 This again implies that aggregate 12 In Table 5 , mean technical efficiency is measured by the arithmetic averages. An alternative measure would be a weighted average where the weights are proportional to the size of the firms involved. 13 Figure 5 has been plotted using the average efficiency scores of each firm over the sample period. An examination of the literature suggests that these striking results are consistent with the magnitude of productivity differences in well functioning market economies like the US and the UK. Olley and Pakes (1996) , for example, have found TFP ratios of 3 to 1 within manufacturing. Oulton (1998) has found even more dispersion for the UK. Theoretical models in industrial organisation offer explanations for the dispersion of efficiency across firms. Ericson and Pakes (1995) , Lambson (1994) , Lucas (1978) , Jovanovic (1982) have developed frameworks in which industries are not composed of representative firms but of firms that have different efficiency endowments. These models can be used to analyse within-industry efficiency dynamics. 14 The larger heterogeneity of firms in eastern Germany is consistent with increasing regional differences in average per capita incomes in eastern Germany [see, Council of Economic Advisors (1999), pp. 72-84] .
macroeconomic data can only provide a limited impression of the economic situation during the transition process. This feature might be explained by the type of labour force and capital stock that a firm carries into the future. This leads to heterogeneous responses to shocks. 16 Given the potential importance of outliers we have calculated the regression lines by OLS and with a robust estimation technique. The robust estimation technique carries out robust fitting with bisquare weights. This is a form of weighted least squares where outlying observations are given relatively less weight in estimating the coefficients of the regression [see Cleveland (1993) for additional discussion]. The solid lines in Figure 2-4 give the OLS estimates, the dashed lines give the robust estimates. Nevertheless, for statistical reasons, the patterns displayed in Figure 2 -4 should probably be taken with a grain of salt. Given our finding that efficiency varies significantly across firms and regions, an obvious issue is whether these differences are associated with per capita wages. In this context, attention has recently focused on the "flexibility" of the German labour market and its ability to adapt and adjust to the inevitable competitve pressures that unification has generated. There is great concern that the German labour markets are a classical example of an "old economy".
17 German wage formation is mainly geared to the interests of "insiders" who already have a job and not to those "outsiders" who would prefer moderate and more differentiated wage settlements. As a result, Europe has failed to create jobs in the same way as the more flexible American economy. The accelerated 17 See Siebert (1992 ), 124-128 and Council of Economic Advisors (1993 ), 235-236. Prasad (2000 has recently shown that the German bargaining system has fostered a relatively inflexible wage structure. The hypothesis about a positive correlation between efficiency levels and per capita wages is confirmed for eastern and western Germany. This implies that the dispersion in efficiency measures appears quite plausible when examined in conjunction with wages. It is, however, the case that the regression lines turn out to be even flatter in eastern Germany than in western Germany. This implies that the empirical evidence in Figure 5 -10 does provide evidence for the conventional wisdom that the unemployment difference between eastern and western Germany is due in part to the greater degree of firm-level wage inflexibility in eastern Germany. 19 The results of our empirical analysis have important implications for economic policy. The weak link between efficiency and wages in eastern Germany (and to a smaller extent in western Germany as well) is 19 The slopes in eastern Germany turn out to be significantly flatter in chemicals and utilities (at the 5% level). Nickell (1998) has recently singled out several possible factors as potentially influencing different degrees of wage flexibility while Funke and Strulik (2000) have recently demonstrated the importance of wage behaviour for convergence. clearly undesirable from an allocative point of view and has resulted in sharp declines of employment. The implication is that collective bargaining system should allow for more changes in the wage structure brought about by the restructuring process in eastern Germany. 20 What this rather exploratory analysis also suggests is the need for a much more detailed investigation of the firm and labour market characteristics in different regional and local labour markets. This marks out a future research agenda.
Concluding Remarks
In this study we have focused on the efficiency of firms in eastern Germany. The estimates indicate that eastern Germany´s relative efficiency scores have increased substantially over the period 1991 -1998 because of productivity gains and labour shedding. Nevertheless, East German firms are significantly less efficient in 1998 than West German firms. Thus, there is still some way to go in attaining West German standards of efficiency and competitiveness. This finding is broadly consistent with other studies of East German manufacturing. Reasons for these differences in technical efficiency merit further study. Some of the factors that are thought of determining efficiency include technology, innovation activities, international exposure, quality of the workforce and ownership structure. Another explanation is that technical efficiency is positively related to firm age. New firms are unaware of their abilities and need time to decide on their optimal size. Over time, the least-efficient firms exit, leaving a technically more efficient population of firms. 21 Another finding is that the wage-efficiency relationship is eastern Germany is even weaker than in western Germany. What do all these findings now imply for future growth prospects? The labour market obviously remains a cause for concern. Unification saddled the region with a currency whose value reflected western Germany´s highly productive industry. And employers worsened that handicap by agreeing to raise East German wages to western levels far more rapidly than the productivity gap could be closed. 22 Labour market institutions can also be blamed for causing high unemployment in eastern Germany. Generous unemployment benefits, active labour market programmes, and the role of trade unions in wage negotiations have contributed to raise wages above market-clearing levels and thus to lead to high unemployment.
But there are also encouraging signals. The most important way to make labour more productive is to give them more up-to-date capital. Eastern Germany´s manufacturing capital intensity (gross fixed capital stock per employee) has increased from 30.3% of the western level in 1991 to 88.6% in 1998.
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23 See Görzig and Noack (1999) .
